Evidence-based practice in medicine requires clinical signs and symptoms of malaria to be confirmed by microscopic detection of the parasite in blood sample of patients. In some cases, however, such signs and symptoms persist without microscopic detection of the parasite in blood smears, making it difficult for treatment decision to be made by medics. To help solve the above problem and to ensure that antimalarial drugs are given to patients who actually suffer from malaria infection, we designed this cross-sectional study to measure ESR, mIgG, Hb and parasitaemia levels in 78 clinically diagnosed malaria patients attending the Elmina Urban Health Centre, in the Komenda-Edina-Eguafo-Abirem Municipal Assembly in the Central Region of Ghana, with the view to finding alternative biomarkers for malaria infection. Apart from the Hb levels which differed significantly (P=0.001) between the sexes, the levels of all the other measured indicators of malaria infection were comparable between the various groups. ESR correlated positively with mIgG (r = 0.242, P =0.033) but negatively with Hb (r = -0.348, P = 0.002) irrespective of age, sex or percentage parasitaemia. Our results appear to suggest that an ESR level of twice the upper reference value of an individual may be diagnostic of malaria infection in the presence of the appropriate recognized signs and symptoms of malaria without microscopically detectable parasitaemia in the blood sample of patients. We propose that ESR and mIgG be considered as complementary markers of malaria infection in cases of unsuccessful microscopic detection of the malaria parasite in blood smears.
INTRODUCTION
Malaria is an important parasitic infection, affecting an estimated 500 million people worldwide and resulting in about one million deaths annually (Milner et al., 2009) . In Sub-saharan Africa, malaria accounts for between 20 and 40 percent of outpatient visits and between 10 and 15 percent of hospital admissions (WHO, 1999) and 40% of public health expenditure (Adams et al., 2004) . In Ghana, significant economic burden of malaria on the economy has been reported (Asante and Asenso-Okyere, 2003) . The total treatment cost per episode of malaria has been estimated as US$ 15.79 per household (Asante and Asenso-Okyere, 2003) . This constitutes just 1% and as much as 34% per capita income of the rich and poor households respectively, in Northern Ghana (Akazili, 2002) . In-terestingly, only 29% of the total treatment cost per episode of malaria is a direct cost with the remaining 71% being an indirect cost (Akazili et al., 2007) . These revelations point to the need for proper, accurate and reliable diagnostic marker for malaria infection as misdiagnosis may lead to improper drug prescription, drug abuse and possible development of parasite resistance with its consequent increased economic, social and physiological burden. In this era of evidence-based practice in medicine, clinical signs and symptoms of malaria must be confirmed by microscopic detection of the parasite in the blood sample of patients (Reeder et al., 1999; John et al., 2004) . In some cases, however, such signs and symptoms persist without the microscopic detection of the malaria parasite in the blood smear. Such cases make the task of clinicians more daunting in prescribing the appropriate medication for the patient. It also has the potential to heighten patients' anxiety and increase the treatment time and cost of the disease. Successful microscopic detection of the Plasmodium parasite in blood smears depends on the experience of the technician and time of blood sampling (John et al., 2004) since parasite sequestration (Reeder et al., 1999) could lead to false negative results. To alleviate the above challenges, we measured erythrocyte sedimentation rate (ESR), malariaspecific immunoglobulin G (mIgG), haemoglobin (Hb) and parasitaemia levels in a crosssectional study of clinically diagnosed malaria patients attending the Elmina Urban Health Centre, in the Komenda-Edna-Eguafo-Abirem Municipal Assembly in the Central Region of Ghana and to investigate the relationship among the measured indicators.
MATERIALS AND METHODS

Study Area
The study was carried out at the Elmina Urban Health Centre, which is located in Elmina, in the Komenda-Edna-Eguafo-Abirem Municipality from October, 2008 to May, 2009 (MLGRD, 2006) . The Municipality's share of the total population of the Central Region is 7.1%. The age and sex structures of the Municipality reflect that of the region and the nation at large. The inhabitants of this Municipality are mainly into fishing and farming.
Study design and sample collection
This was an out-patient-based cross-sectional study involving 18 male and 60 female patients who were clinically diagnosed of malaria at the Elmina Urban Health Centre by a qualified medical practitioner. Questionnaires were administered to collect demographic, socioeconomic and general health information. Respondents with other disease conditions that could influence the ESR and mIgG levels were excluded from the study. In addition, those with viral, bacterial and other infections that have similar symptoms as malaria infection as well as children below five years were also excluded from the study. The children below five years were excluded because their immune system might not have developed to levels that would allow for enough production of mIgG (Riley et al., 2000) . Venous blood was collected from respondents who met the inclusion criteria and volunteered to participate in the study after informed consent was sought.
Measurements of haematologic indicators of malaria infection
Parasitaemia was determined by microscopic inspection of thin blood smears as previously described (John et al., 2004) . Blood smears were prepared and stained with Giemsa and examined by an experienced licensed laboratory technician.
Haemoglobin level was measured by a HemoCue photometer (Ångelholm, Sweden). ESR was determined by the standard Westergren method described by Bomford et al. (1975) .
For malaria-specific immunoglobulin G measurement, we used the indirect ELISA method described by Riley et al. (1991) with modifications. Briefly, the first two columns of a 96 well microtitre plate were coated with a twofold serial dilution of 1mg/ml reference IgG standard in coating buffer (0.05% phenol red in PBS buffer) at 50µl/well. A blank (0.05% phenol red in plain PBS buffer) was added to four other wells at 50µl/well to prepare a standard curve for the determination of antibody units (AU). The rest of the wells were coated with 5 x 10 6 cell/ml of crude antigen extract in a coating buffer (0.005% phenol in phosphate buffer saline) at 50µl/well and the plate incubated overnight at 4 o C before being allowed to attain room temperature.
The plates were then washed 4 times with PBS containing 0.1% Tween-20 and padded-dried. The wells were blocked with 150µl/well of 3% non-fat milk (skimmed milk) in PBS for 1hr at room temperature on a shaker after which they were washed again. Plasma samples diluted at 1:200 with dilution buffer (1% non-fat milk) were then added in duplicates at 100µl/well to antigen coated portion of the plates. The dilution buffer alone, however, at 100µl/well was added to the reference IgG. The prepared plates were incubated for 2 hours at room temperature on a shaker after which they were washed 4 times and 100µl of enzyme conjugate (Horse Radish Peroxidase Goat anti-human IgG) diluted at 1:3000 in 1% skimmed milk added per well. Following incubation for 1hour on a shaker at room temperature, the plates were washed 4 times again with PBS/Tween-20 (0.1%). Equal mixture of A and B solutions of ABTS (2,2'-azino-di-(3-ethylbenzthiazoline sulphonic acid) was added into the padded-dried wells of the plate at 100µl/well. The plates were incubated in the dark for 10 minutes for a colour reaction to occur. The reaction was stopped by the addition of 50µl/well of 2M HCl solution. The optical densities (OD) of the colour produced in each well were read at a wavelength of 405nm using a multiscan ascent plate reader. A negative control was prepared alongside the ELISA procedure using antigens of the RBCs that were isolated from the uninfected RBCs during the 'Freeze Thawing' processes. The OD values obtained for the negative control was subtracted from the OD values of the corresponding plates coated with the crude parasite antigen.
Statistical analysis
Data obtained were analysed with the SPSS version 16.0 statistical software. Values were reported as mean ± standard deviation (SD). One way analysis of variance (ANOVA) was used to compare mean values. Pearson correlation was used to assess association among the measured parameters in the sexes. The study sample was divided into parasitaemic and nonparasitaemic groups. Mean values in these groups were compared using one way ANOVA. Pearson correlation was used to test association among the other parameters except percentage parasiatemia. All analyses were carried out at 5 % level of significance
Ethical Approval
The study was approved by the Ethics Committee of the University of Cape Coast, Cape Coast, Ghana. Informed consent was obtained from all the study participants. In the case of children, informed consent was obtained from the parent or guardian. All protocols followed were in line with the ethical standards of the Ministry of Health, Ghana.
RESULTS
Seventy-eight respondents consented and donated blood for the study. They were made up of 18 (23.1%) males aged 5 years to 64 years and 60 (76.9%) females aged 5 years to 68 years (Table 1 ). The mean age of males and females did not differ significantly (P = 0.465). A similar trend was observed for the parasitaemic and non-parasitaemic groups (Table 2 ; P = 0.269).
The mean Hb for males and females were 12.51 and 10.60 respectively, generally indicating that the respondents were anaemic compared to their respective reference values. Apart from the mean Hb level, which was significantly (P = 0.001) higher in males than in females, all the other parameters had comparable (P > 0.05) mean values between the sexes (Table 1) . A comparison of the parasitaemic and nonparasitaemic groups did not reveal any significant (P ≥ 0.26) difference between them for the assessed parameters (Table 2) .
A significant positive correlation was observed between age and mIgG in males (r = 0.516, P = 0.028) but not in females (r =0.151, P = 0.251). Age, however, correlated negatively with percentage parasitaemia in females (r = -0.29, P = 0.025). In the parasitaemic group, age correlated negatively with percentage parasitaemia (r = -0.392, P = 0.009) but positively with Hb (r = 0.384, P = 0.011). There was no correlation between age and Hb in the non-parasitaemic group. The negative correlation between age and percentage parasitaemia persisted in the entire study sample irrespective of sex (r = -0.301, P = 007).
Hb correlated negatively with ESR in males (r = -0.572, P = 0.013) and females (r = -0.321, P = 0.012) and in the parasitaemic (r = -0.423, P = 0.005) but not the non-parasitaemic group (r = -0.23, P = 0.67). The negative correlation between Hb and ESR persisted in the entire sample irrespective of age, sex or percentage parasitaemia (r = -0.348, P = 0.002; Figure 1 ). However, ESR correlated positively with IgG irrespective of sex, age or percentage parasitaemia (r = 0.242, P =0.033; Figure 2 ).
DISCUSSION
Evidence-based practice in medicine requires
that clinical signs and symptoms of malaria are confirmed by microscopic detection of the parasite in the blood sample of patients. In most cases, such signs and symptoms persist even when laboratory detection of the malaria parasite in blood is unsuccessful. This study therefore sought to find other markers that can be used to complement microscopy in diagnosis of malaria. The ultimate aim is to ensure that, antimalarial drugs are given to people who are actually suffering from malaria. This may promote compliance and reduce antimalarial drug abuse with its consequent drug resistance.
The mean Hb level for both sexes revealed that in general, our respondents were anaemic. Anaemia as an important public health problem irrespective of the cause has long been recognized (Dallman et al. 1978; Perry et al., 1992; Johnson-Spear and Yip, 1994; WHO, 2001; WHO and UNICEF, 2004; Beutler and West, 2005; Sullivan et al., 2008) . Malaria-induced anaemia has been observed in children (Premji et al., 1995; Branch et al., 1998; Biemba et al., 2000) and adults (White and Ho, 1992; Branch et al., 1998) . Since possible confounding factors were eliminated in our study design, the anaemia observed in our sample can be ascribed to the pathophysiology of the Plasmodium parasite as described elsewhere (White and Ho, 1992) .
The higher proportion of anaemic females than males could result from the increased exposure of the females to the infective mosquito bites than their male counterparts. Indeed, the females in our study sample stayed much longer outside the room to undertake various household chores, coupled with the nature of their dresses which exposed them more to mosquito bites than the males whose clothing cover almost their entire bodies and therefore derive some level of protection against the bite of female Anopheles mosquito.
Interestingly, age correlated negatively with percentage parasitaemia in females but not in males. The absence of correlation between age and percentage parasitaemia in males could be due to their small size (n =18) compared to females (n =60) in the study sample. On the other hand, the negative correlation between age and percentage parasitaemia could reflect increased parasite clearance ability of females with age as a result of development of the appropriate immune response to increased exposure to the Plasmodium parasite (Ofori et al., 2002; John et al., 2005) .
To find other markers that can be measured to confirm malaria as the underlying cause of the appropriate clinical sign, we measured ESR and malaria-specific IgG to observe how they are related to malaria. Our results indicated that in general, there was no significant (P > 0.05) difference between the sexes. This observation may appear to deviate from the finding that sex and age influence ESR (Bottiger and Svedberg, 1967; Bain, 1993; Lowe, 1994; Kanfer and Nicol, 1997) particularly when no significant (P > 0.05) correlation was seen between ESR and sex or age in our study sample. This observation could be due to the relatively small sample size (n =78) in the current study. Indeed, studies (Bottiger and Svedberg, 1967; Bain, 1993; Lowe, 1994; Kanfer and Nicol, 1997) that have documented association between ESR and sex or age worked with a relatively larger sample size (n > 100) than the current study.
ESR, however, correlated negatively with Hb in both sexes and in the parasitaemic group but not the non-parasitaemic group. Irrespective of age, sex or percentage parasitaemia, the negative correlation between ESR and Hb persisted in our sample. This negative association has been observed by earlier researchers (Morris et al., 1975; Bottiger and Svedberg, 1967; Bain, 1993; Kanfer and Nicol, 1997) . It is worthy of note that, although the difference in mean ESR values between the sexes did not reach statistical significance, the values for both males and females were about twice the upper limit of their respective reference values. A similar trend was seen in the parasitaemic and nonparasitaemic groups though the mean values for both groups were closer to the mean ESR of females than that of males. This is not surprising as females constituted over 76% of respondents in the study. In addition, the comparable ESR values between the parasitaemic and nonparasitaemic groups appear to suggest similar underlying pathology in the groups. Thus, an ESR value of at least twice the upper reference value for a given individual of a specific age and sex coupled with the appropriate signs and symptoms of malaria could be indicative of clinical malaria notably in cases where the gold standard microscopy, fails to detect the Plasmodium parasite in the blood sample of such patients. Although Lowe (1994) and Kanfer and Nicol (1997) have proposed the replacement of ESR with plasma viscosity due to the low specificity of the former, our findings do not support this proposition, especially in the presence of appropriate signs and symptoms of malaria infection.
Since high levels of immunoglobulin G has long been associated with the blood stage forms of the Plasmodium falciparum parasite (Taylor et al., 1995; Rzepczyk et al., 1997; Taylor et al., 1998; Ofori et al., 2002) , we investigated how the levels of malaria-specific IgG in the study subjects were related to the other malariological indicators. in our study sample. This view is further enhanced by the comparable levels of mIgG and ESR in the parasitaemic and non-parasitaemic groups and thus reinforces the suitability of both markers to be considered as indicators of Plasmodium falciparum infection.
However, the positive correlation between mIgG and age of males requires further investigation on a larger scale to ascertain its relevance for malaria treatment. 
CONCLUSION
ESR and mIgG levels can be used as complementary markers of malaria infection in the presence of appropriate signs and symptoms of malaria but microscopically undetectable levels of the Plasmodium parasite in the blood sample of patients. ESR correlated negatively with Hb but positively with malaria-specific IgG in this study. Further research is needed to ascertain the relevance of the positive correlation between age and malaria-specific IgG to malaria treatment
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